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LANDING CHARACTERISTICS OF A MODEL OF A FLYING
BOAT WITE THE DEPTE OF STEP REDUOED TO ZERO
BY MEANS OF A RETRACTABLE PLANING FLAP

By James M. Benson and Anton Freihofner
SUMMARY

A model of a flying boat was tested in the NACA
tank No. 1 to determine the lendlng characteristicse when
the depth of step was reduced to zero by means of a re-
tractable planing flap on the -forebody. The model exhib-
ited exceptionally stable landing characterlistics over a
wide range of the lecatlon of -the center of gravity and
at trime from about 5.5° (afterbody horigontal) to 12°
(full stall). 4 high-speed landing at a trim of 5° or
less was stable if tne model wa3s decelerated rapidly.
With less repid decelerations tie model would increase
trim after landing at low trims ard would take off again,
Measurements of the water resistance 1ndlcated that the
landirz run regquired for the flying boat to decelerate
from the landing speed to the hump spesed would be de-
creased from 2100 feet to 1100 feet by fully retracting
the step.

INTRODUCTION

It 18 generally known that a very shallow step on a
flying-boat hull will cause violent instabdllity because
of the Intermittent development of suction forces aft of
the step. The present investigation was therafore under-
taken 1n the NuCA tank No. 1 to determine the landing
stabllity characteristics when the depth of etep was re-
duced to zoro by employlng a planing flap of the type
investigated in reference 1. The tests of thse model with
zoero depth of step were extended to include measurements
of the resistance in order to calculate the deceleratlion
during the landing run.




MODEL AND PROCEDURE

Views of the model, which is the same ag that de-

gserived in reference 1, are shown in figure 1. The

dimensions are as follows:

Agsumed 1/12-

full-size plze model

Dimensions of hull

Beam, MaXiMUm o « o o » o » o = o s o o » o « o o o 1424 £ i4.24 in,
Length of forebody. « + ¢ + &+ o ¢ ¢ ¢ o « o o o & @ 9.11 £t 39.11 in.
Length of afterbody o« « « « ¢ « « o o « o « « « o » 39.7u £t 49,74 in.
Length of tell extenslon . ¢ ¢« « ¢+ o v ¢+ « « « « » 32.95 ¢ 32.95 in.
Lengthy over-all. « « « « ¢ o o ¢ ¢ « o« o » « « « o 121.80 ft 121801n.
Angle of forebody K0€l. « + o o « o « o ¢ o o o o . 1.3° 1. 3
Angle of aftertody K66l « « o« « o o + ¢ + ¢ o o o a 5.5° 5.5°
Angle of dead r186. + + o v o s + 4 s o s o s o o » 20.0° 20.0°
Length of forebody of modol wlth )

H—percent-beam BHEDe o = ¢ o o s 4 . . e . . . . U650 £t 46.50 in.
Moment of 1nertia « + « o« « + « « o « » « o 1,72 x 10°® glug-ft® 9.3 glug-ft2
Gross 1088 « v « ¢ = s ¢ + « 4 + s s o s s s« » « 160,000 1b 91.8 1b
Grose-load coefficiemt, Cpy « o » « o ¢ ¢ v o o & 0.87 0.87

Dimensions of wing
ATOB « o ¢ ¢ « o o « o s o o 5 s o + + « o s s s & 3680 8q £t 25.58 sq ft
Span . . . . . . S 6 e s s e e a e e « . 200 f% . 200 in.
Root chord (WACA 23020) e e e e e e s e e e e 28 ft 28.00 in.
Tip chord (NACA 23012). . . e e e e 9.33 £t 9.33 in.
Angle of wing setting with resnect to base 1line . . 5.5° 5.5°
L.B. at root, aft of forward perpendicular. « ... 38,01 £t 38.01 in.
M.AO. o v 0 v e v v e e s e n e e e 20.12 f% 20.12 in.

Dimensions of horizontal tail surface
AYO8 ot o o ¢ o o s o s o s e e a8 o s 0 e e . 505 8q £ 3.51 8q £t
5 s e e e e e .. 1,38 £ 1.38 in.
Angle of tall sctting with respoct to base line a
Dihedral. - . . . .« e s « . oa e 1 1
L.E. of wing root chord to L.E. of tail root chord. 65.77 £t 6&.77 in.
Hoot chord (NACA 001§) . e R 1 P 2 14.83 in.
Tip chord (NACGA O015) v « o « = « v ¢ = v o s & & & 9.63 £t 9.63 in.

The stability tests were made by accelerating the
towlng carriage urtil the model took off, adjusting the
trim of the model while 1t was in the alr, and then de-
celerating the carrieage and observing the behavior of
the model during the landing. The resliatance tests were
made by towing the model at constant speeds and measur-
ing the total water and alr resistance.
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RESULTS AND DISCUSSION

Stabllity teste.- Figure 2 shows the variation of
trim with speed wken the model was accelerated from regt
to get~away speed at a constant rate of 1 foot per second
per second. The trim of a similar model with a depth of
step equal to 56 percent of the beam is included in filg-
ure 2(b) for comparison. A notable result obtalned with
gero depth of step 1s that the trim was not affected at
any speed by more than approximately 2° when the center
of gravity was shifted from 24 to 38 percent mean aero-
dynamic chord. Manipulating the elevators from full down
tc full up weas aleo relatively 1insffective in changing
the trim. ZEven though ths slipstream and the thrust were
not reproduced on the model, 1t appears that the hydro-
dynamlic moiments would predominate throughout the landing
run 1n controlling ths trim of a flylng boat with the step
retracted and that the location of the center of gravity
would kave no great effect. The variation of trim with
speed during accelerations to get-away sepeed was practi-
cally the same as that obtained during the deceleratlons
after landing.

Lending teste were made with the center of gravity
at 24, 30, end 38 percent mean aerodynamic chord. The
model esxhlbited almost no lLendency to skip or to porpvoise
when landed at any trim from about 5.5° (afterbody
horigsntal) up to and including a full-stall landlng at
12°. After landing, the trim would decrease quickly to
about 5% and, as the speed decroased, the trim would vary
arproximately as shown 1in figure 2 for teke-off. When
landings were made at trims below 59, the stabllity char-
acterlstice depended upon the ra%te at which the carrilage
wvas decelesrated. With a rate of deceleration of 1 foot
per second per second the model increased trim after con-
tect and left the water. With very rapid decelerations,
which were not measured but were believed to be about 12
feet mer second per second, the model remalned omn the
wvater after landing at trims less than 5°.

Besistance tegts.- The resistance of the full-sige

flying boat represented by the model with zero depth of
step ls comperedi in figure 3 with the resistance of a
simllar model having a depth of step equal to 5 percent

of the beam. The resistance wlith gzero depth 1s excessive
for a normal take-off. For a landing the high resistance
may be of value 1n reducing the length of the landing run.




In figure 4 the varlation of deceleratien on the water 1is
Plotted as 2 function of time after landing. The compari-
son of the resistances for the two depths of step was ox-
tended by calculating the time and distance required to
decelerate from a landlng at 84 knote to a speed of 35
knots, which is near the hump spsed. The resulte (figs.

5 and 6) show thet fully retracting the step would reduce
the time from 21 seconds to 12 seconds and the dlstance
from 2100 feet to 1100 feset.

CONCLUSIONS

A model of a flying boat was tested to determine the
landirg cnaracteristice when the depth of step was re-
ducad to zero by means of a retractable planing flap on
the forebocdy. &Ko investigation was made of the effect
that variations in angle of dead rise and in angle of
afterbody keel migh% kave upon the stabllity characteris-
tics. Soue doudbt alsoc exiete as to the elfect that inac-
curacles in the alinement of a retracted step flap would
introduce. Within these limitatlions the results 1ndicated:

thai:

1, A model of a flying boat with the depth of atep
roeduced to zero by retracting a forebody flap nhed excep-
tionally stadle characteristice for landing at trims from
about 5.5° (afterbody horigontal) to 12° (full stall).

2. A high-speed landing at a trim of 5° or less was
stable 1f the model decelereted rapidly; with less rapild
decelerations the model would increase trim after landing
at low trime and would take off agailn.

3. Reduction of the depth of step to zero by retract-
inz a forebody flap reduced the planing run between land-
ing and hump speed by about 50 percent.

Lanzley Merorial Aeronautical Laboratory,
Natlional Advisory Committve for Aeronautics,
Langley Field, Va.
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Figure 1,~ Model of flying boat. Dashed lines indicate position of planing flap for normel take-off,
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